Rapid growth of intensive animal industries in southeast Queensland, Australia, has led to large volumes of animal waste production, which posses serious environmental problems in the Murray Darling Basin (MDB). This study presents a method of selecting sites for the safe application of animal waste as fertiliser to agricultural land. A site suitability map for the Westbrook subcatchment within the MDB was created using a geographic information system (GIS)-based weighted linear combination (WLC) model. The factors affecting the suitability of a site for animal waste application were selected, and digital data sets derived from up to 1:50,000 scale maps were acquired. After
initial preprocessing, digital data sets were clipped to the size of the delineated subcatchment boundary producing input factors. These input factors were weighted using the analytical hierarchy process (AHP) that employed an objectives-oriented comparison (OOC) technique to formulate the pairwise comparison matrix. The OOC technique, which is capable of deriving factor weight independently, formulated the weight derivation process by making it more logical and systematic. The factor attributes were classified into multiple classes and weighted using the AHP. The effects of the number of input factors and factor weighting on the areal extent and the degree of site suitability were examined. Due to the presence of large nonagricultural and residential areas in the subcatchment, only 16% of the area was found suitable for animal waste application. The areal extent resulting from this site suitability assessment was found to be dependent on the areal constraints imposed on each input factor, while the degree of suitability was principally a function of the weight distribution between the factors.
Intensive animal industries (IAI) are concentrated production facilities that take economic advantage by managing large numbers of animals in a confined area. In recent years, there has been a significant increase in the number and size of IAI in the Condamine region of the Murray Darling Basin (MDB) in southeast Queensland, Australia. Wastes generated in IAI (e.g., dairy, feedlot, piggery, and poultry) are usually stored near the production facilities prior to biological processing and/or application to agricultural fields as fertilizer. However, improperly stored and/or disposed waste may contribute to agricultural nonpoint source (NPS) pollution causing serious environmental problems, including eutrophication and toxic blue-green algae blooms.
Agricultural NPS pollution has become a serious environmental threat in the Murray Darling River System (Herath 1997), where the world's largest toxic riverine algal bloom was recorded in October 1991 (Young and others 1996) , and the severity and frequency of algal blooms is increasing (Scarsbrick 1995). Runoff from fields fertilized with animal manure has been one of the major sources of agricultural NPS pollution (Langford and others 1990). 
Using Animal Waste as Fertiliser
Animal waste includes livestock and poultry manure, bedding, litter, and other waste materials such as wastewater, feedlot runoff, silage juices, and wasted feed (Hammond 1994) . This waste has historically been a major source of plant nutrients in traditional agricultural systems worldwide. Although chemical, biological, and engineering methods of waste use are available (e.g., composting, biogas generation and processing for refeeding), application as manure to cropland remains the most common and often least expensive method of animal waste utilization (He and Shi 1998). Fertilizing agricultural fields with animal manure recycles the nutrients (Couillard and Li 1993), supports crop production (Hammond and others 1994), and enhances the physical and chemical properties of the soil (He and Shi 1998). However, inappropriate storage, disposal, and/or use of animal waste can result in runoff of nutrients, pathogens and oxygen demanding substances that can create major environmental problems (Camberato and others 1990).
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the runoff loss of nutrients from the fields fertilized with animal manure. Continuous application of animal waste has been found to result in soil nutrient buildup (Liu and others 1998), increased nutrient runoff (Davies and others 1997), and water quality deterioration (Mostaghimi and others 1992) due to increases in nitrogen, phosphorus, and algal production (Couillard and Li 1993) . Technological solutions to reduce NPS pollution from agricultural land fertilized with animal waste include identification of better soil and cropping management practices, timeliness in application, improved application methods, and optimum application rates (Overcash and others 1983). However, while technological solutions may help to reduce pollution, the main determinants of environmental problems are likely to be the site characteristics (e.g., location, soil, topography, land cover, land use, and proximity to watercourses). Hence, agricultural land fertilized with animal waste may allow leaching and/or runoff of pollutants into ground and surface water, become a source of bad odor to the community, and/or may be uneconomic if that field is unsuited for animal waste application. Selection of a suitable site to satisfy these socioeconomic and environmental requirements should, in fact, precede all other technological investigations. So far, there have been few scientific investigations into the socioeconomic and environmental assessment of agricultural fields for their suitability in animal waste application.
GIS and Site Suitability
Site selection is a spatial problem that requires inputs of large volumes of biophysical, environmental, and sociopolitical data. A geographic information system (GIS) is a tool for entering, storing, manipulating, analyzing and displaying large volumes of spatial data (Congalton and Green 1992) . Recent advancements in GIS have developed techniques to select, rank and map sites that are suitable (or unsuitable) for a specific purpose (Davis 1996) . A GIS-based site-selection procedure is potentially useful to manage agricultural NPS pollution through the identification and mapping of sites where the application of animal waste is less likely to produce NPS pollution of riverine flows. Site suitability analysis involves overlaying graphically (or combining databases) of more than one coverage to locate suitable spatial (or attribute) conditions (Davis 1996). Vector-based methods are most commonly applied to identify suitable sites for various purposes. For example, vector GIS has been used to identify dump sites in Malyasia (Yagoub and Buyong 1998), landfill sites in the United States (Herzog 1999) and Turkey (Basagaoglu and others 1997), solid waste disposal sites in the Philippines (Cruz 1993), and animal waste application sites in Australia (Basnet and others 2000) . Selecting sites using a raster-based method in conjunction with the weighted linear combination (WLC) model has become popular in recent years. The WLC is a mathematical model available for delineating and ranking suitable sites for specific purposes (Hopkins 1977) . This model has been used to identify and rank suitable sites for land application of wastewater (Hendrix and Buckley 1992) , land filling (Siddiqui and others 1996), and manure application (Jain and others 1995). However, no work has been conducted to evaluate the sensitiveness of inputting constrained and weighted factors into the WLC model while determining the areal extent and the degree of site suitability for animal waste application using raster GIS.
Objective and Hypotheses
It is apparent from the literature that the focus in the past has been mainly in the safe disposal of municipal waste. The application of animal waste as fertilizer in agricultural fields has not been under environmental scrutiny until recently. The increasing occurrence of toxic blue-green algae blooms in many parts of the world, however, has prompted investigations into agricultural NPS pollution to which animal waste is one of the major contributors (Herath 1997).
Environmentally safe recycling of animal waste in agricultural fields has thus become critical to reduce agricultural NPS pollution. Safe recycling of animal waste involves site-specific application, which in turn requires selecting suitable sites and assessing their degree of suitability from socioeconomic, agricultural, and environmental perspectives. In selecting suitable sites using a WLC model, the input factors are selected, constrained (i.e., unsuitable areas blacked out), standardized (i.e., factor attributes classified and ranked), and weighted (i.e., assigned weights to the factor) before combining them linearly. The number of input factors, the constraints imposed by each input factor, and the weights assigned to the input factors can be expected to play an important role on the areal extent and the degree of suitability. However, the effect of the number of input factors, factor constraints, and the weight distribution between factors on the areal extent and the degree of site suitability are not yet fully understood. Therefore, the objectives of this study were to use a WLC model within a raster GIS to: (1) identify and map the agricultural areas that are potentially suitable for animal waste application; (2) evaluate the de-
